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Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a novel immuno-enhancing composition. The immuno-enhancing composition 
of the present invention may be administered as a medicament or in various forms, for example, eatable or drinkable 
products such as functional foods or health foods, or feeds. Further, the immuno-enhancing composition of the present 
invention may be administered in the form of an agent which is temporarily kept in the mouth but then spat out without 
retaining almost all of the components, for example, a dentifrice, a mouthwash agent, a chewing gum, or a collutorium, 

10 or in the form of an inhalation drawn in through the nose. 

BACKGROUND ART 

[0002] It is known that mushrooms contain many physiologically active substances. For example, Japanese Exam- 
's jned Patent Publication (Kokoku) No. 57-1 230 and Japanese Patent No. 2767521 disclose various antitumor substanc- 
es contained in Tricholoma matsutake. The above Japanese Examined Patent Publication (Kokoku) No. 57-1230 dis- 
closes that emitanine-5-A, emitanine-5-B, emitanine-5-C, and emitanine-5-D, which are separated and purified from 
a liquid extract obtained by extracting a broth of Tricholoma matsutake mycelia with hot water or a diluted alkaline 
solution, exhibits an activity of inhibiting a proliferation of sarcoma 1 80 cells. The above Japanese Patent No. 2767521 
20 discloses that a protein with a molecular weight of 0.2 to 0.21 million (a molecular weight of a subunit = 0.1 to 0.11 
million) which is separated and purified from an extract of Tricholoma matsutake fruit bodies with water exhibits an 
antitumor activity. 

[0003] The inventor of the present invention compared and examined various physiological activities of extracts of 
many commercially available edible mushrooms with hot water. As a result, the inventor confirmed that an activity of 

25 inhibiting a proliferation of sarcoma 180 cells was detected in the extracts from many edible mushrooms including 
Tricholoma matsutake, whereas the inventor first found that a remarkably high activity of immuno-enhancement was 
detected only in the extract from Tricholoma matsutake. Further, the present inventor also found that an immuno- 
enhancing activity was exhibited not only in the hot water extract from Tricholoma matsutake, but also in an extract of 
Tricholoma matsutake with an alkaline solution, and further, in an adsorption fraction of the hot water extract of Tri- 

so choloma matsutake by an anion exchange resin or an adsorption fraction of the alkaline solution extract of Tricholoma 
matsutake by an anion exchange resin. It was not known that the hot water extract of Tricholoma matsutake or the 
alkaline solution extract of Tricholoma matsutake, or the adsorption fraction of the hot water extract of Tricholoma 
matsutake or the alkaline solution extract of Tricholoma matsutake by an anion exchange resin exhibits an activity of 
immuno-enhancement as above. The present invention is based on the above findings. 

35 

DISCLOSURE OF INVENTION 

[0004] The present invention relates to an adsorption fraction of a hot water extract of Tricholoma matsutake by an 
anion exchange resin or an adsorption fraction of an alkaline solution extract of Tricholoma matsutake by an anion 
40 exchange resin. 

[0005] Further, the present invention relates to an immuno-enhancing composition, a killer activity-inducing compo- 
sition (preferably, a composition for inducing a killer activity of an intestinal lymphocyte), a tumor proliferation inhibitory 
composition, an Interleukin 12-inducing composition, a TGF-p activity inhibitory composition, or an active oxygen- 
capturing composition, comprising a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tri- 

45 choloma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution 
extract of Tricholoma matsutake by an anion exchange resin, and a pharmaceutical^ acceptable carrier. 
[0006] Further, the present invention relates to an immuno-enhancing functional food, a killer activity-Inducing food 
(preferably a food for inducing a killer activity of an intestinal lymphocyte, a tumor proliferation inhibitory functional 
food, an interleukin 12-inducing functional food, a TGF-p activity inhibitory functional food, and an active oxygen- 

50 capturing functional food, comprising a hot water extract of Tricholoma matsutake or an alkaline solution extract of 
Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution 
extract of Tricholoma matsutake by an anion exchange resin with or without one or more food components. 
[0007] Further, the present invention relates to a method for an immuno-enhancement, comprising administering to 
a subject in need thereof a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 

55 matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of 
Tricholoma matsutake by an anion exchange resin, in an amount effective therefor. 

[0008] Further, the present invention relates to a method for inducing a killer activity, preferably a killer activity of an 
intestinal lymphocyte, comprising administering to a subject in need thereof a hot water extract of Tricholoma matsutake 
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or an alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma 
matsutake or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, in an amount effective 
therefor. 

[0009] Further, the present invention relates to a method for inhibiting a tumor proliferation, comprising administering 
s to a subject in need thereof a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 
matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of 
Tricholoma matsutake by an anion exchange resin, in an amount effective therefor. 

[0010] Further, the present invention relates to a method for inducing an inteiieukin 12, comprising administering to 
a subject in need thereof a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 

10 matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of 
' Tricholoma matsutake by an anion exchange resin, in an amount effective therefor. 
[0011] Further, the present invention relates to a method for inhibiting a TGF-p activity, comprising administering to 
a subject in need thereof a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 
matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of 

15 Tricholoma matsutake by an anion exchange resin, in an amount effective therefor. 

[0012] Further, the present invention relates to a method for capturing an active oxygen, comprising administering 
to a subject in need thereof a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 
matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of 
Tricholoma matsutake by an anion exchange resin, in an amount effective therefor. 

20 [0013] Further, the present invention relates to the use of a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or 
an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, in the manufacture of an immuno- 
enhancing composition or a functional food. 

[0014] Further, the present invention relates to the use of a hot water extract of Tricholoma matsutake or an alkaline 
25 solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or 
an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, in the manufacture of a composition 
or a functional food for inducing a killer activity, preferably a killer activity of an intestinal lymphocyte. 
[001 5] Further, the present invention relates to the use of a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or 
30 an alkaline solution extract of Tricholoma matsutake by an.anion exchange resin, in the manufacture of a composition 
or a functional food for inhibiting a tumor proliferation. 

[0016] Further, the present invention relates to the use of a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or 
an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, in the manufacture of a composition 

35 or a functional food for inducing interleukin 12. 

[0017] Further, the present invention relates to the use of a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or 
an alkaline solution extract of Tricholoma matsutakeby an anion exchange resin, in the manufacture of a composition 
or a functional food for inhibiting a TGF-p activity. 

40 [001 8] Further, the present invention relates to the use of a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or 
an alkaline solution extract of Tricholoma matsutakeby an anion exchange resin, in the manufacture of a composition 
or a functional food for capturing an active oxygen. 

45 BRIEF DESCRIPTION OF DRAWINGS 

[0019] 

Figure 1 illustrates a spectrum obtained by a 1 H one-dimensional NMR measurement of the adsorption fraction D2. 
50 Figure 2 illustrates a spectrum obtained by a 13 C one-dimensional NMR measurement of the adsorption fraction D2. 

Figure 3 illustrates a CD spectrum obtained by a circular dichroism analysis of the adsorption fraction D2, 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 [0020] The present invention will be explained in detail hereinafter. 

[0021] A novel fraction of the present invention which may be obtained by extracting Tricholoma matsutake with hot 
water, and adsorbing the extract by an anion exchange resin, exhibits an excellent immuno-enhancing activity despite 
the extraction with hot water. The hot water extract of Tricholoma matsutake also exhibits an excellent immuno-en- 
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hancing activity. Further, the alkaline solution extract of Tricholoma matsutake also exhibits an excellent immuno-en- 
hancing activity. Furthermore, a novel fraction of the present invention, which may be obtained by extracting Tricholoma 
matsutakewlth an alkaline solution and adsorbing the extract by an anion exchange resin, exhibits an excellent immuno- 
en hancing activity. 

5 [0022] Therefore, the immuno-enhancing composition of the present invention contains, as an active ingredient, (1 ) 
the hot water extract of Tricholoma matsutake, (2) the alkaline solution extract of Tricholoma matsutake, (3) the ad- 
sorption fraction of the hot water extract of Tricholoma matsutake by an anion exchange resin, or (4) the adsorption 
fraction of the alkaline solution extract of Tricholoma matsutake by an anion exchange resin, and further, a pharma- 
ceutically or veterinarily acceptable ordinary carrier. 

10 [0023] The adsorption fraction of the hot water extract of Tricholoma matsutake by an anion exchange resin, which 
is used as the active ingredient in the immuno-enhancing composition of the present invention, may be prepared by, 
for example, but by no means limited to, a process comprising steps of extracting Tricholoma matsutake with hot water 
(hereinafter referred to as a hot water extracting step), adsorbing the resulting extract by an anion exchange resin 
(hereinafter referred to as an anion exchange resin-adsorbing step), and then eluting the adsorption fraction with an 

15 appropriate solvent (hereinafter referred to as an eluting step). 

[0024] The Tricholoma matsutake used in the hot water extracting step may be, for example, a fruit body or a mycelium 
of a naturally occurring Tricholoma matsutake, or a mycelium or a broth obtainable by culturing Tricholoma matsutake. 
An example of the Tricholoma matsutake used in the hot water extracting step may be, for example, the Tricholoma 
matsutake CM627-1 strain established and maintained in the Biomedical Research Laboratories, Kureha Chemical 

20 Industry Co. Ltd. 

[0025] When the fruit bodies or mycelia are used as the above-mentioned Tricholoma matsutake, it is preferable to 
crush, grind, or pulverize them, to enhance the extraction efficiency. 

[0026] A temperature of hot water used in the hot water extracting step Is preferably 60 to 100 °C, more preferably 
80 to 98 °C. It is preferable to carry out the hot water extracting step with stirring or shaking, so that an extraction 

25 efficiency is enhanced. An extracting time may vary with the form of Tricholoma matsutake, tor example, a phase of 
fruit bodies, mycelia, or a broth, a treated form, such as a crushed, ground, or pulverized form, a temperature of hot 
water, or a treating condition with or without stirring or shrinking, but is for example, 1 to 6 hours, preferably 2 to 3 hours. 
[0027] The resulting extract liquor obtained in the hot water extracting step may be used as it is, namely, in the state 
containing insolubles, in the subsequent anion exchange resin-adsorbing step. Before the anion exchange resin-ad- 

30 sorbing step, however, it is preferable to remove the insolubles, or to remove the insolubles and then low molecular 
weight fractions from the extract liquor. For example, the insolubles may be removed by centrifuging the hot water 
extract containing such insolubles, and the resulting supernatant may be used in the anion exchange resin-adsorbing 
step. Alternatively, after removing the insolubles by centrifuging the hot water extract containing such insolubles, and 
dialyzing the resulting supernatant to remove low molecular weight fractions, preferably fractions of low molecular 

35 weight substances having a molecular weight of 3500 or less, the resulting liquor may be used in the next anion ex- 
change resin-adsorbing step. 

[0028] In the anion exchange resin-adsorbing step, a known anion exchange resin, for example, diethylaminoethyl 
(DEAE) cellulose or triethylaminoethyl (TEAE) cellulose, may be used: 

[0029] An eluting solution used in the eluting step may be appropriately selected in accordance with an anion ex- 
40 change resin used in the eluting step, and for example, an aqueous solution of sodium chloride may be used. 

[0030] A fraction eluted by the eluting step may be used as the active ingredient of the immuno-enhancing compo- 
sition of the present invention as it is, i.e., without purification. However, the fraction eluted by the eluting step usually 
contai ns salts derived from the eluting solution, and therefore, it is preferable to dialyze the fraction and remove the salts. 
[0031] For example, the adsorption fraction of the hot water extract of Tricholoma matsutake by an anion exchange 
45 resin, that is, one of the active ingredients of the immuno-enhancing composition of the present invention, has the 
following physicochemical properties, although it is understood that the fraction is not limited to those exhibiting the 
following physicochemical properties. The numerical values shown below are the physicochemical properties with 
respect to the adsorption fraction D2 prepared in Example 2, that is, an embodiment of the adsorption fraction of the 
hot water extract of Tricholoma matsutake, and determined in accordance with the methods disclosed in "Examination 
50 of Physicochemical Properties of the Adsorption Fraction D2" in Examples as mentioned below. 

(1) Carbohydrate content: 13% in glucose equivalent 

(2) Protein content: 86% in albumin equivalent 

(3) Carbohydrate composition: 

55 Mannose 47.7 u.g/mg, galactose 32.43 ng/mg, glucose 25.09 u.g/mg, arabinose 12.09 u.g/mg, ribose 8.30 u.g/mg, 

xylose 3.75 u.g/mg, and rhamnose 0.44 jig/mg. 

(4) Amino acid composition: 

Aspartic acid and asparagine 14.12 mol%, threonine 6.39 mol%, serine 7.64 mol%, glutamic acid and glutamine 
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13/83 mol%, glycine 14.03 mol%, alanine 7.77 mol%, valine 5.36 mol%, 1/2-cystlne 0.87 mol%, methionine 1 .11 
mol%, isoleucine 3.70 mol%, leucine 5.20 mol%, tyrosine 1 .51 mol%, phenylalanine 2.28 mol%, lysine 4.05 mol%, 
histidine 1 .67 mol%, arginine 2.52 mol%, and proline 7.93 mol%. 
. (5) Molecular weight distribution: 
5 There are peaks widely ranging between approximately 45,000 to 1 ,000,000. There are five top peaks having 

estimated molecular weights of approximately 45,000, approximately 120,000, approximately 160,000, approxi- 
mately 380,000, and 1 ,000,000 or more. 

(6) Isoelectric points: 

Three peaks are detected by isoelectric focusing. A main band is around 4.8 (4.5 to 5.2), and the other bands are 
10 around 7.6 (7.35 to 8.0) and around 9.2 (8.65 to 9.3). 

(7) Ultraviolet spectroscopic analysis: 

A peak was detected at 240 to 260 nm [the conditions for measurement are shown in item (7) of the "Examination 
of Physicochemical Properties of the Adsorption Fraction D2" as mentioned below]. 

(8) 1 H one-dimensional NMR analysis: 

is A spectrum as shown in Fig. 1 was obtained [the conditions for measurement are shown in item (8) of the "Exam- 
ination of Physicochemical Properties of the Adsorption Fraction D2" as mentioned below]. 

(9) 13 C one-dimensional NMR analysis: 

A spectrum as shown in Fig. 2 was obtained [the conditions for measurement are shown in item (8) of the "Exam- 
ination of Physicochemical Properties of the Adsorption Fraction D2" as mentioned below]. 
20 (10) Circular dichroism analysis: 

A spectrum as shown in Fig. 3 was obtained [the conditions for measurement are shown in item (9) of the "Exam- 
ination of Physicochemical Properties of the Adsorption Fraction D2" as mentioned below). The analysis of the 
secondary structure in accordance with the method of Chen et al. [Biochemistry, 11 , 4120-4131 (1972)] revealed 
that a helix was 1 7%, p sheet was 1 8%, and an unordered structure was 65%. 

25 

[0032] The adsorption fraction of the alkaline solution extract of Tricholoma matsukake by an anion exchange resin, 
that is, one of the active ingredients of the immuno-enhancing composition of the present invention, may be prepared 
by, for example, but is by no means limited to, a method similar to that for preparing the adsorption fraction of the hot 
water extract of Tricholoma matsutake by an anion exchange resin as mentioned above. More particularly, the proce- 

30 dures of the above-mentioned method for preparing the adsorption fraction of the hot water extract of Tricholoma 
matsutake by an anion exchange resin can be repeated except that an alkaline solution is used instead of hot water, 
to prepare the adsorption fraction of the alkaline solution extract of Tricholoma matsutake by an anion exchange resin. 
For example, the adsorption fraction of the alkaline solution can be prepared by extracting Tricholoma matsutake with 
an alkaline solution (hereinafter referred to as an alkaline solution-extracting step), adsorbing the resulting extract 

35 liquor by an anion exchange resin (that is, the anion exchange resin-adsorbing step), and then eluting the adsorption 
fraction with an appropriate solvent (that is, the eluting step). 

[0033] An alkaline solution used in the alkaline solution-extracting step may be, for example, but is by no means 
limited to, an aqueous solution of a hydroxide of an alkaline metal, such as sodium or potassium, particularly sodium 
hydroxide. A pH value of the alkaline solution is preferably 8 to 13, more preferably 9 to 12. The alkaline solution- 
40 extracting step is carried out preferably at 0 to 20 °C, more preferably at 0 to 1 5 °C. The resulting extract liquor of the 
alkaline solution-extracting step may be used in the subsequent anion exchange resin-adsorbing step, after neutrali- 
zation. 

[0034] The immuno-enhancing composition of the present invention can be administered to an animal, preferably a 
mammal, more preferably a human, in the form of a mixture of the hot water extract of Tricholoma matsutake or the 
45 alkaline solution extract of Tricholoma matsutake, or the adsorption fraction of the hot water extract of Tricholoma 
matsutake orthe alkaline solution extract of Tricholoma matsutakeby an anion exchange resin, with a pharmaceutically 
or veterinarify acceptable ordinary carrier. 

[0035] The active ingredient of the present invention, that is, the hot water extract of Tricholoma matsutake or the 
alkaline solution extract of Tricholoma matsutake, or the adsorption fraction of the hot water extract of Tricholoma 
so matsutake or the alkaline solution extract of Tricholoma matsutake by an anion exchange resin, exhibits an Immuno- 
enhancing activity, for example, an activity to induce a killer activity, preferably an activity to induce a killer activity of 
an intestinal lymphocyte, an activity to inhibit a tumor proliferation, an activity to induce a cytokine, particularly interleukin 
1 2, an activity to inhibit a TGF-p activity, or an activity to capture an active oxygen. 

[0036] Therefore, the active ingredient of the present invention, that is, the hot water extract of Tricholoma matsutake 
55 or the alkaline solution extract of Tricholoma matsutake, or the adsorption fraction of the hot water extract of Tricholoma 
matsutake or the alkaline solution extract of Tricholoma matsutake by an anion exchange resin, can be administered 
to a subject in need of an immuno-enhancement, for example, an induction of a killer activity, preferably an induction 
of a killer activity of an intestinal lymphocyte, an inhibition of a tumor proliferation, an induction of a cytokine, particularly 
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interleukin 12, an inhibition of a TGF-p activity, or a capture of an active oxygen, with or without, but preferably with, 
a pharmaceutical^ or veterinarily acceptable ordinary carrier, in an amount effective therefor. 
[0037] Further, the active ingredient of the present invention, that is, the hot water extract of Tricholoma matsutake 
or the alkaline solution extract of Tricholoma matsutake, or the adsorption fraction of the hot water extract of Tricholoma 

s matsutake or the alkaline solution extract of Tricholoma matsutake by an anion exchange resin, can be used In the 
manufacture of an immuno-enhancing composition or functional food, for example, a composition or functional food 
for inducing a killer activity, preferably a killer activity of an intestinal lymphocyte, a composition or functional food for 
inhibiting a tumor proliferation, a composition or functional food for inducing an interleukin 12, a composition or func- 
tional food for inhibiting a TGF-p activity, a composition or functional food for capturing an active oxygen. 

10 [0038] The formulation of the immuno-enhancing composition of the present invention is not particularly limited to, 
but may be, for example, oral medicines, such as powders, fine particles, granules, tablets, capsules, suspensions, 
emulsions, syrups, extracts or pills, or parenteral medicines, such as injections, liquids for external use, ointments, 
suppositories, creams for topical application, or eye lotions, 

[0039] The oral medicines may be prepared by an ordinary method using, for example, fillers, binders, disintegrating 

is agents, surfactants, lubricants, flowability-enhancers, diluting agents, preservatives, coloring agents, perfumes, tasting 
agents, stabilizers, humectants, antiseptics, antioxidants, such as gelatin, sodium alginate, starch, corn starch, sac- 
charose, lactose, glucose, mannitol, carboxylmethylcellulose, dextrin, polyvinyl pyrrolidone, crystalline cellulose, soy- 
bean lecithin, sucrose, fatty acid esters, talc, magnesium stearate, polyethylene glycol, magnesium silicate, silicic 
anhydride, or synthetic aluminum silicate. 

20 [0040] The parenteral administration may be, for example, an injection such as a subcutaneous or intravenous in- 
jection, or a per rectum administration. Of the parenteral formulations, an injection is preferably used. 
[0041] When the injections are prepared, for example, watersoluble solvents, such as physiological saline or Ringer's 
solution, water-insoluble solvents, such as plant oil or fatty acid ester, agents for rendering isotonic, such as glucose 
or sodium chloride, solubilizing agents, stabilizing agents, antiseptics, suspending agents, or emulsifying agents may 

25 be optionally used, in addition to the fraction as the active ingredient. 

[0042] The immuno-enhancing composition of the present invention may be administered in the form of a sustained 
release preparation using sustained release polymers. For example, the immuno-enhancing composition of the present 
invention may be incorporated to a pellet made of ethylenevinyl acetate polymers, and the pellet may be surgically 
implanted in a tissue to be treated. 

30 [0043] The immuno-enhancing composition of the present invention may contain the hot water extract of Tricholoma 
matsutake or the alkaline solution extract of Tricholoma matsutake, or the adsorption fraction of the hot water extract 
of Tricholoma matsutake or the alkaline solution extract of Tricholoma matsutake by an anion exchange resin in an 
amount of, but is by no means limited to, 0.01 to 99% by weight, preferably 0.1 to 80% by weight. 
[0044] A dose of the immuno-enhancing composition of the present invention is not particularly limited, but may be 

35 determined dependent upon the kind of disease, the age, sex, body weight, or symptoms of the subject, a method of 
administration, or the like. The immuno-enhancing composition of the present invention may be orally or parenteral^ 
administered. 

[0045] The immuno-enhancing composition of the present invention may be administered as a medicament or in 
various forms, for example, eatable or drinkable products, such as functional foods or health foods, or feeds. Further, 

^o the immuno-enhancing composition of the present invention may be administered in the form of an agent which is 
temporarily kept in the mouth , but then spat out without retaining almost all of the components, for example, a dentifrice, 
a mouthwash agent, a chewing gum, or a collutorium, or in the form of an inhalation drawn in through the nose. For 
example, the hot water extract of Tricholoma matsutake or the alkaline solution extract of Tricholoma matsutake, or the 
adsorption fraction of the hot water extract of Tricholoma matsutake or the alkaline solution extract of Tricholoma mat- 

45 sutake by an anion exchange resin may be added to a desired food including a drink, a feed, a dentifrice, a mouthwash 
agent, a chewing gum, a collutorium, or the like as an additive, such as a food additive. 

EXAMPLES' 

so [0046] The present invention now will be further illustrated by, but is by no means limited to, the following Examples. 
Example 1 : Examination for biological activities of a hot water extracts of mushrooms 
[0047] 

55 

(1 ) Preparation of a hot water extracts of mushrooms 

[0048] After 250 g of fruit bodies of commercially available Tricholoma matsutake harvested in Iwate Prefecture were 
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lyophilized to remove water, the lyophilized fruit bodies were crushed to obtain 35 g of powder. 
[0049] A portion (20 g) of the powder and 800 ml_ of purified water were charged in a 1 -liter beaker, and an extraction 
treatment was performed in a water bath at 93 - 98 °C for 3 hours while stirring. After the extraction was completed, 
the whole was cooled to room temperature and centrifuged at 12,000 rpm for 20 minutes to obtain a supernatant. 

5 [0050] To the remaining pellets, 500 mL of purified water was added, and the same procedures as above were 
performed. These procedures were repeated three times. Supernatants obtained by each procedure and the super- 
natant previously obtained were combined. The resulting mixture was put into a dialysis membrane with a fractionlng 
molecular weight of 3500 (Spetra/Por 3 membrane; Spectrum, USA), and dialyzed in flowing tap water for 2 days. The 
inner part of dialyzate was concentrated by a rotary evaporator and lyophilized to obtain 1 .12 g of powder. 

10 [0051] Further, thirteen commercially available edible mushrooms were treated by the same process as above to 
obtain powders, respectively. The mushrooms and the yield (mass%' with respect to a dried mushroom) are shown in 
Table 1. 



Table 1 



25 



No. 


Mushrooms 


Yield 


1 


Tricholoma matsukake 


5.6 


2 


Lentinus edodes 


6.0 


3 


Flammulina velutipes 


5.5 


4 


Pleurotus ostreatus 


5.3 


5 


Grifola frondosa 


4.9 


6 


Pholiota nameko 


7.0 


7 


Pleurotus eryngii 


5.8 


8 


Umbilicaria 


4.6 


9 


Auriicularia auricula-judae 


4.8 


10 


Agaricus blazei 


7.3 


11 


Lyophyllum ulmarium 


6.9 


12 


Grifola albicans 


5.1 


13 


Agaricus bisporms 


6.3 


14 


Porcini 


55 



(2) Examination for biological activities of hot water extracts of mushrooms 

35 [0052] Powdery products obtained from edible mushroom extract liquors in Example 1(1) were orally administered 
to mice, and an influence producing an induction of a killer activity of an intestinal lymphocyte was examined. More 
particularly, biological activities were examined by taking cells of a mesenterium lymph node from a mouse to which 
tumor cells had been implanted at a cecal wall, and measuring a killer activity obtained when the tumor cells were re- 
stimulated in a test tube. The tumor cells used in this Example were mouse leukemic cells P815 and B7/P815 which 

40 were originally supplied from Dr. Mamoru Harada, Medical Institute of Bioregulation, Kyushu University, and maintained 
in an RPMI 1640 medium containing 10% bovine fetal serum which had been heated at 56 °C for 30 minutes, at 
Biomedical Research Laboratories, Kureha Chemical Industry Co. Ltd. Female DBA/2 mice were purchased from Japan 
SLC and used in experiments at 8 weeks-old after pre-breeding, 

[0053] The mice were anesthetized by intraperitoneally administering 50 mg/kg of pentobarbital (Dainippon Phar- 
45 maceutical Co. , Ltd.) and fixed. An abdomen was opened by scissors and tweezers, a cecum was taken out, B7/P81 5 
cells (1 x 10 6 /50 uL) were implanted at a cecal wall, using 1 mL syringe equipped with a 1/8G dental needle (Hata- 
jirushi Motoki Syringe Needle), and then the abdomen was closed by anatomical staplers. The mice which had recov- 
ered from anesthetization were put into a breeding cage, and bred under ordinary breeding conditions. From the day 
after the implantation of the tumor cells, each sample was orally administered at a dose of 500 mg/kg/day for 1 0 days 
50 in succession, using a probe for an oral administration. A group of mice contained 5 to 1 0 mice. 

[0054] On the day after the last administration day, the mice were sacrificed. Then, a lymph node of a mesenterium 
was asepticalty taken out, put on a sterilized dish containing a Hanks balanced salt solution, teased by scissors and 
tweezers, and passed through a mesh to prepare a single-cell suspension of lymphocyte cells. The cells were washed 
with an RPMI 1640 medium containing a 10% bovine fetal serum which had been heated three times at 56 °C for 30 
55 minutes. Then, a concentration of cells was adjusted to 5 x 10 6 /mL with an RPMI 1640 medium containing a 10% 
bovine fetal serum which had been heated at 56 °C for 30 minutes, 5 x 10" 5 mol/L of 2-mercaptoethanol, 20 mmol/L 
of 4-(2-hydroxyethyl)-1-piperazine ethanesulfonate, and 30 ^g/mL of gentamicin and used as effector cells. 
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[0055] Stimulating cells were prepared as follows: P815 cells or B7/P815 cells were suspended In an RPMI 1640 
medium containing a 1 0% bovine fetal serum which had been heated at 56 °C for 30 minutes, so that a concentration 
became 5 x 1 0 6 /mL, and mitomycin C (Sigma) was added thereto so that a concentration thereof was 50 fig/mL After 
a reaction was performed in a 5% carbon dioxide gas incubator for 30 minutes, the cells were washed with an RPMI 
5 1640 medium containing a 10% bovine fetal serum which had been heated at 56 °C for 30 minutes three times, and 
a concentration of cells was adjusted to 1 x 10 5 /mL 

[0056] A mixed lymphocyte tumor cell reaction was examined under the following conditions. 

[0057] The effector cells (0.1 ml_) and/or the stimulating cells (0.1 ml_) were put on a 96-well culturing flat-bottomed 

microplate (Falcon 3072;Becton Dickinson Labware, USA), cultured in a 5% carbon dioxide gas incubator for 3 days, 

10 and recovered on a filter. When both the effector cells and the stimulating cells were put into the microplate, a ratio of 
the cells (the number of the effector cells/the number of the stimulating cells) was 12.5. In this examination system, 
the effector cells were functioned as lymphocytes in the mixed lymphocyte tumor cell reaction, and the stimulating cells 
were functioned as tumor cells in the mixed lymphocyte tumor cell reaction. Before 24 hours of completing the culturing, 
37 kBq of 3 H-thymidine (Amersham Japan) was added to each well of the plate. The harvested cells were thoroughly 

15 washed with 5% trichloroacetic acid, dried, and put into a vial for liquid. After adding a liquid scintillator, a radioactivity 
was measured by a liquid scintillation counter. 
[0058] A stimulation index (S.I.) was calculated by an equation: 

20 [S.I.]=(Bmix-Bs)/(Be-Bs) 

wherein Bmix is a radioactivity (unit = Bq) of a group of the mixed culture of the effector cells and the stimulating cells, 
s ; Bs is a radioactivity (unit = Bq) of a group of the single culture of the stimulating cells, and Be Is a radioactivity (unit = 
Bq) of a group of the single culture of the effector cells. 

25 [0059] A lymphocyte tumor cell mixed culture-induced cytotoxicity was examined under the following conditions. 
[0060] The effector cells (1 .0 mL) and the stimulating cells (1 .0 ml_) were put on a 24-well culturing microplate (Culture 
Clastar; Costar 3524; Coming Inc., USA) at a ratio of the cells (the number of the effector cells/the number of the 
stimulating cells) of 12.5, and cultured in a 5% carbon dioxide gas incubator for 3 days. After the culturing was com- 
pleted, the cells were recovered and washed three times with an RPMI 1640 medium containing 10% bovine fetal 

30 serum which had been heated at 56 °C for 30 minutes, and the number of only the effector cells in the cell suspension 
was counted, using a microscope, so that a concentration of the effector cells was adjusted to 2.5 x lOfymL 
[0061] P81 5 cells were reacted with sodium chromate (Amersham Japan) at 37 °C for 20 minutes. Unreacted radi- 
oactive substances were removed by washing with an RPM1 1 640 medium containing 1 0% bovine fetal serum which 
had been heated three times at 56 °C for 30 minutes, and a concentration of tumor cells labeled with radioactive 

35 chromium was adjusted to 5 x 1 0^/mL. 

[0062] 0.1 mL of the effector eel Is or a double-diluted series thereof and 0.1 mL of tumor cells labeled with radioactive 
chromium were put into a test tube, and reacted in a 5% carbon dioxide gas incubator at 37 °C for 4 hours. After the 
reaction was completed, 1 .5 mL of an RPM1 1 640 medium containing a 1 0% bovine fetal serum, which had been heated 
at 56 °C for 30 minutes, was added to each test tube, and thoroughly mixed by a mixer. The whole was centrifuged at 

40 12,000 rpm for 5 minutes at 4 °C to obtain a supernatant, and a radioactivity was measured by a gamma counter. 
. [0063] A specific lysis (S.L.; unit = %) was calculated by an equation: 

[S.L.(%)]={(B-Bf)/(Bmax-Bf)} x 1 00 

45 

wherein B is a radioactivity (unit = Bq) of a supernatant of an experimental group, Bf is a radioactivity (unit = Bq) of a 
supernatant of a spontaneously releasing group, and Bmax is a radioactivity (unit = Bq) of a supernatant of a maximum 
releasing group. The spontaneously releasing group means a group of culturing only the tumor cells labeled with 
radioactive chromium , and the maximum releasing group means a group of culturing tumor cells labeled with radioactive 

so chromium treated with Triton. 

[0064] The results of the mixed lymphocyte tumor cell reaction and the influence on the lymphocyte tumor cell mixed 
culture-induced cytotoxicity for the samples prepared in Example 1(1) are shown in Table 2, when the ratio of the 
number of the effector cells/the number of the stimulating cells was 12.5. A significant enhancement was observed in 
the sample from fruit body of Tricholoma matsutake. To control groups, 0.2 mL of purified water was orally administered. 

55 |n Table 2, means that there was a significant difference of p<0.05 on the basis of the control group. 
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Table 2 





No. 




Influence on mixed Ivmohocvte tumor 

II IMUCI IvU Willi 1 1 At* w 1 J 1 1 IfJI IUuj Iw IUMIUI 

cell reaction (% to the control group) 


LvmDhocvte tumor cell mixed culture- 

UV 1 1 Ik/I 1 ww V lw LUI 1 Iwl ww 1 1 1 1 IIAwU vUliUI w 

induced cytotoxicity (% to the control 


5 








group) 




4 
1 


Tricholoma matsutake 




1 75 * 

1 /O 




o 

c. 


Lenunus euoues 


1 1 O 






q 
o 


riafiiiiiuiiiia vciuiifJCfO 


11? 




10 


A 

4 


Plsurotus ostroatus 


111 


1 UJ 




D 


\Jili\Qidi IfOnuOSa 


10ft 
1 uo 


11ft 




6 


Pholiota nameko 


107 


103 




7 


Pleurotus eryngii 


120 


112 


15 


8 


Umbilicaria 


101 


120 


9 


Auriicularia auricula-judae 


109 


103 




10 


Agaricus blazel 


106 


113 




11 


Lyophyllum ulmarium 


108 


106 




12 


Grifola albicans 


110 


114 


20 


13 


Agaricus bisporms 


102 


97 




14 


Porcini 


116 


103 



Example 2: Preparation of a hot water extract of Tricholoma matsutake and a fraction thereof adsorbed by an anion 
exchange resin 

25 

[0065] After 500 mL-conical flasks (1 0 flasks) each containing 1 00 mL of sterile medium (3% glucose and 0.3% yeast 
extract, pH 6.0) were inoculated with mycelia of Tricholoma matsutake CM627-1 strain subcultured in the Biomedical 
Research Laboratories, Kureha Chemical Industry Co. Ltd., cultivation was performed in a shaking incubator (250 rpm) 
at 22 °C for 4 weeks. The resulting broth was homogenized, and extraction was performed in a water bath at 93 to 98 
30 °C for 3 hours while stirring. After extraction, the whole was cooled to room temperature and centrifuged at 12,000 
rpm for 20 minutes at 4 °C to obtain a supernatant. 

. [0066] To the remaining pellets, 500 mL of purified water was added, and the same procedures as above were 
performed. These procedures were repeated three times: All the resulting supernatants were combined. The resulting 
mixture was put into a dialysis membrane (Spetra/Por 3 membrane, fractioning molecular weight = 3500), and dlalyzed 
35 in flowing tap water for 3 days. The inner part of dialyzate was concentrated by a rotary evaporator and lyophilized to 
obtain 3.9 g of powder (fraction D). 

[0067] The powder (fraction D) was dissolved in 50 mrriol/L tris-HCI buffer (pH 7.0), and the solution was applied to 
a diethylaminoethyl (DEAE)-cellulose column (diameter = 2 cm, height = 20 cm) which had been equilibrated with the 
buffer. The column was eluted by 100 mL of the buffer to obtain a non-adsorption fraction D1 (hereinafter sometimes 

40 referred to as "D1 fraction"). Then, 200 mL of a solution prepared by adding 1 mol/L sodium chloride into the buffer 
was applied to the column to elute adsorbed substances and obtain an adsorption fraction D2 (hereinafter sometimes 
referred to as U D2 fraction"). The obtained non-adsorption fraction and adsorption fraction were put into dialysis mem- 
branes (Spetra/Por 3 membrane, fractioning molecular weight = 3500), and dialyzed in purified water for 3 days, re- 
spectively. The inner parts of dialyzate were concentrated by a rotary evaporator and lyophilized to obtain 1 .9 g of the 

45 non-adsorbed fraction D1 powder and 1 .5 g of the adsorbed fraction D2 powder. 

[0068] The immune activity of each faction was examined in the same manner as described in "Examination for 
biological activities of hot water extracts of mushrooms" (2). As shown in Table 3, the activity was observed in the 
adsorption fraction D2. In Table 3, "*" means that the significant difference (p<0.01 with respect to the control group) 
was observed, and "**" means that the significant difference (p<0.05 with respect to the control group) was observed. 

50 Further, the fraction D means a fraction before applying to the DEAE-cellulose column. 
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Table 3 



Test No 

1 WW 1 1 ^ w i 


Sample/Dose 


Mixed lymphocyte tumor cell reaction (% 
to the control group) 


Lymphocyte tumor cell mixed culture- 
induced cytotoxicity (% to the control 
group) 


1 


D / 250 mg/kg 


158* 


153* 




D1/250 mg/kg 


103 


109 




D2/ 250 mg/kg 


162* 


171 * 


2 


02/ 2.5 mg/kg 


106 


110 




D2/25 mg/kg 


134 ** 


143* 




D2/250 mg/kg 


151 * 


167* 



15 

Examination of Physicochemical Properties of the Adsorption Fraction D2 

[0069] Physicochemical properties of the D2 fraction were examined. Measuring methods and the results will be 
described below. 

20 

(1) Determination of carbohydrates 

[0070] Carbohydrate content in the D2 fraction was determined by colorimetry using a phenol-sulfuric acid method. 
The content of carbohydrates in the D2 fraction was 13% in glucose equivalent. 

25 

(2) Determination of proteins 

[0071] Protein content in the D2 fraction was determined by colorimetry using a^copper-Folin method. The content 
of proteins in the D2 fraction was 86% in albumin equivalent. 

30 

(3) Analysis of the carbohydrate composition 

[0072] Into a tube, 1 ,0 mg of the D2 fraction and 0.2 mL of 2 mol/L trifluoroacetic acid were charged, and hydrolyzed 
at 100 °C for 6 hours. The reaction mixture was dried under a reduced pressure by an evaporator to obtain a residue. 

35 The residue was dissoived in 500 u.L of purified water, and further diluted to a double volume or a ten-fold volume with 
purified water. To 50 ul of this solution, 500 ng of heptose was added as an internal standard substance, and the 
solution was applied to a high performance liquid chromatograph LC-9A (Shimadzu) equipped with a column TSK-gel 
Sugar AXGLC-9A (1 5 cm x 4.6 mm ID; Tosoh) and a spectrophotometer RF-535 (Shimadzu) as a detector. The column 
temperature was 70 °C. The mobile phase was a 0.5 M potassium borate buffer (pH 8.7), and the flow rate thereof 

4 0 was 0.4 mL/min. For the conditions of post-column labeling, 1 % arginine/3% boric acid was used as a reaction reagent, 
the flow rate was 0.5 mL/min., the reaction temperature was 150 °C, and the wavelengths for detection were EX 320 
nm and EM 430 nm. 

[0073] The carbohydrate composition was as follows: Mannose 47.7 u.g/mg, galactose 32.43 ng/mg, glucose 25.09 
u.g/mg, arabinose 12.09 u.g/mg, ribose 8.30 p.g/mg, xylose 3.75 u.g/mg, and rhamnose 0.44 u.g/mg, in the order of 
45 descending content. 

(4) Analysis of the amino acid composition 

[0074] Into a tube, 1 .0 mg of the D2 fraction and 0.1 mL of 6 mol/L hydrochloric acid were charged, and hydrolyzed 
so at 1 1 0 °C for 22 hours. The reaction mixture was dried under a reduced pressure by an evaporator to obtain a residue. 
The residue was dissolved in 1 .0 mL of purified water, and 50 ul of the solution was used for an amino acid analysis. 
The quantitative determination was performed by a ninhydrin colorimetry using an amino acid analyzer L-6500 (Hitachi) 
as equipment. 

[0075] The amino acid composition was as follows: 
5 5 Aspartic acid and asparagine 14.12 mol%, threonine 6.39 mol%, serine 7.64 mol%, glutamic acid and glutamine 13/83 
mol%, glycine 14.03 mol%, alanine 7.77 mol%, valine 5.36 mol%, 1/2-cystine 0,87 mol%, methionine 1 .11 mol%, iso- 
leucine 3.70 mol%, leucine 5.20 mol%, tyrosine 1 .51 mol%, phenylalanine 2.28 mol%, lysine 4.05 mol%, histidfne 1 .67 
mol%, arginine 2.52 mol%, and proline 7.93 mol%. 
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(5) Measurement of the molecular weight distribution 

[0076] After 1 .0 mg of the D2 fraction was dissolved in 1 .0 mL of purified water, the mixture was filtered out through 
a filter of 0.22 u.m to obtain a filtrate. The filtrate was applied to a high performance liquid chromatograph LC-9A 
s (Shimadzu) equipped with a column (Asahipak GS-620; 50 cm x 7.6 mm ID; Ashahi Kasei), a differential refractometer 
detector RID-6A (Shimadzu) and a ultraviolet detector SPD-6A (Shimadzu). The column temperature was room tem- 
perature. The mobile phase was purified water, and the flow rate thereof was 0.5 mL/min. 

[0077] There were peaks widely ranging between approximately 45,000 to 1,000,000. There were five top peaks 
having estimated molecular weights of approximately 45,000, approximately 120,000, approximately 160,000, approx- 
10 imately 380,000, and 1 ,000,000 or more. 

(6) Analysis of the isoelectric point 

[0078] After 1 90 u.g of the D2 fraction was dissolved in 20 jxL of purified water, saccharose was added to a half of 
15 the solution so that the concentration thereof became approximately 40% (volume/volume) , and then an electrophoresis 
was performed. The conditions of the electrophoresis were as follows: 

Gel: lEF-PAGEmini (4%, pH 3-1 0; Tefco). . 

Buffer for electrophoresis: (cathode) 0.04 mol/L sodium hydroxide solution, (anode) 0.01 mot/L phosphate solution. 
20 Conditions for electrophoresis: The electrophoresis was performed at 100 V for 30 minutes, then at 300 V for 20 

minutes, and at 500 V for 40 minutes. 
PI marker: Each band was 1.35 g (Pharmacia). 

[0079] Three broad peaks were detected. A main band was around 4.8 (4.5 to 5.2), and the other bands were around 
25 7.6 (7.35 to 8.0) and around 9.2 (8.65 to 9.3). 

i 

(7) Ultraviolet spectroscopic analysis (UV) 

[0080] The D2 fraction was dissolved in purified water (concentration = 0.5 mg/1 0 mL) and a U V was measured. As 
30 a detector, 2500PC (Shimadzu) was used. A peak was detected at 240 to 260 nm. 

(8) Nuclear magnetic resonance analysis (NMR) ( 
[0081 ] The conditions for measurements were as follows. 

35 

(i) 1 H one-dimensional NMR measurement 

[0082] As a detector, UNITY INOVA-500 (Varian) was used. As a solvent, deuterated guanidium hydrochloride con- 
■ taining D 2 0 solution was used. The concentration was 4 mol/L. DSS was used as an internal standard. The measure- 
40 ment was performed at 23 °C. 

[0083] The resulting spectrum is shown in Figure 1. Around approximately 4.5 ppm to 5.0 ppm, which is a range 
characterizing a proton at 1 -position of a sugar, there were observed peaks which were presumed to show a1 -position 
of galactose or glucose. Further, peaks which were presumed to show (J1 -position of galactose or glucose were ob- 
served around 5.0 to 5.2 ppm. 

45 

(ii) 13 C one-dimensional NMR measurement 

[0084] The measurement was performed at the frequency of 150.8 MHz. The concentration was 20.3 mg/0.75 mL. 
The internal standard was a deuterated methanol (3% deuterated oxide solution, 6=49ppm). The temperature was 45 

50 °c. Measurement of decoupling was performed under conditions of 1 H complete decoupling. 

[0085] The results are shown in Figure 2. It was assumed that a broad peak around 1 03 to 1 04 ppm showed a carbon 
at 1 -position of galactose or glucose, and the carbon was glucoside-bonded in a p-type. Further, it was assumed that 
peaks around 102.96 ppm and 102.51 ppm showed a1 -position and p1 -position of mannose, respectively, and they 
were glucoside-bonded in a p-type. 

55 [0086] Carbons at positions other than 1 -position were analyzed by chemical shifts of peaks in 60 to 60 ppm. It was 
assumed that the carbon at fJ2-position of galactose or glucose, or the carbon at 2(a, (i)-position of mannose was 
shifted, by comparing chemical shifts of each monosaccharide. Further, in a carbons of galactose or glucose, there 
was observed no carbon whose chemical shift was changed in comparison with monosaccharides. Therefore, it was 
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assumed that the carbon at 6-position was shifted and superimposed on the signal (67.8 ppm) of 4-position of mannose, 
because a strength of this peak was large. The above analysis showed that 2(f))-position and 6(a)-position of galactose 
or glucose, or 2(a, p)-position of mannose is assumed to participate in a bonding at the position other than 1 -position 
of sugars. However, accuracy of the above analysis was not high, because the resulting peaks were generally broad, 
5 and a S/N ratio was bad. 

(10) Circular dichroism analysis (CD) 

[0087] The conditions for measurement were as follows: 

10 [0088] As a detector, JASCOJ-500A was used. As a solvent, water was used. The concentration of proteins was 
0.125 mg/mL. The wavelength area was 200 to 250 nm. The cell length was 1 mm. The temperature was room tem- 
perature (24 °C). The number of accumulation was 8. The measurement was performed under the above conditions. 
[0089] The resulting CD spectrum is shown in Figure 3. The CD value (vertical axis) is an average of the residual 
ellipticity [fl]. The unit of [6] is deg-cm 2 -decimol" 1 . As an average molecular weight of residues for conversion into [8], 

is 103.45 was used. It was determined from an amino acid analysis. The analysis of the secondary structure according 
to a method of Chen et al. showed that a-helix was 17%, (3-sheet was 18%, and unordered structure was 65%. 

Example for evaluation of biological activities of the adsorption fraction D2 

20 (1 ) Activity of the adsorption fraction D2 for inhibiting tumor (sarcoma 1 80) proliferation 

[0090] As an animal subject, female ICR mice (CLEA Japan, Inc.) were used. As a tumor, sarcoma 1 80 cells main- 
tained in the peritonium of a female ICR mouse in Biomedical Research Laboratories, Kureha Chemical Industry Co. 
Ltd., were used. More particularly, sarcoma 180 cells (1x10 6 ) were transplanted at an axilla of 5-week-old female ICR 
25 mice (one group consisting of 1 0 mice). From the day after the transplantation, a predetermined amount (1 .0 mg/kg, 
1 0 mg/kg, or 50 mg/kg) of the adsorption fraction D2 obtained in Example 2 was intraperitoneally administered every 
other day and 10 times in total. On the 25th day after the transplantation, mice were sacrificed, tumor nodes were 
taken, and the weights were measured. Physiological saline was administered to the mice of the control group. 
[0091] The ratio of proliferation inhibition (unit = %) was calculated by the following equation: 

30 

. [Ratio of proliferation inhibition (%)] = {(Wc-W)/Wc}x1 00 

wherein W is an average weight (unit = g) of the node taken from the group treated with the sample, and Wc is an 
35 average weight (unit = g) of the node taken from the group treated with the physiological saline. 

[0092] The results are shown in Table 4. In Table 4, means that the significant difference (p<0.05) was observed. 
As apparent from Table 4, proliferation was significantly inhibited by administering the D2 fraction. 



Table 4 



No. 


Rate of proliferation Sample/Dose 


inhibition (%) 


1 


D2 fraction/ 1 .0 mg/kg 


65% * 


2 


D2 fraction/ 1 0 mg/kg 


76% * 


3 


D2 fraction/ 50 mg/kg 


46% 



(2) Cytokine inducing activity of the adsorption fraction D2 

[0093] After 8-week-old female DBA/2 mice were sacrificed, the blood was removed, and mesenteric lymph nodes 
were aseptically taken and transferred to a sterile petri dish containing a Hanks' balanced salt solution. The lymph 

50 nodes were teased with scissors and tweezers, and passed through a mesh to prepare a suspension containing single 
lymphocyte cells. The cells were washed three times with a RPM1 1640 medium containing a 10% bovine fetal serum 
which had been heated at 56 °C for 30 minutes, and the cell suspension was adjusted to 2 x 1 0 6 cells/mL The adsorption 
fraction Q2 obtained in Example 2 was dissolved in the medium. The solution was sterilized through a filter to prepare 
a sample solution (250 u.g/mL). Into the wells of a 96-well flat bottom microplate for cell culture (Falcon 3072; Becton 

55 Dickinson Labware, USA), 0.1 mL of the cell suspension and 0.1 mL of the sample solution were placed and cultured 
in a 5% C0 2 incubator at 37 °C for 1 8 hours. After the culture, each supernatant was separated by centrifugation. The 
total content of interleukin 12 in each culture supernatant was measured using a commercially available measuring kit 
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(Intertest 1 2X; Genzyme, USA). The results are shown in Table 5. As apparent from Table 5, the D2 fraction exhibited 
the interleukin 12-inducing activity. 



Table 5 



No. 


Sample 


Total content of interleukin 12 (pg/mL) 


1 
2 


medium control 

D2 fraction (125 u.g/mL) 


0 (below a detectable. limit) 
69 



10 (3) Immunosuppressant TGF-p binding activity of the adsorption fraction D2 

[0094] In a polypropylene tube (multi-siliconized tube, Safe Seal Microcentrifuge Tube; Funakoshi) which slightly 
adsorbed proteins, a commercially available preparation of human recombinant Transforming Growth Factor-p 1 (TGF- 
fa\ Funakoshi) was dissolved in a phosphate buffer (pH 7.2) containing 2% albumin, and the solution was adjusted to 

15 1 00 ng/mL. Further, the adsorption fraction D2 prepared in Example 2 was dissolved in a phosphate buffer containing 
2% aibumin, and the solution was adjusted to 2 mg/mL. Into a tube which slightly adsorbed proteins, 0.5 mL of the 
TGF-p! solution and 0.5 mL of the D2 fraction solution were charged, and the reaction was performed at 22 °C for 3 
hours. After the reaction was completed, the content of TGF-p! in the reaction solution was measured using a com- 
mercially available measuring kit (Quantikine Human TGF fa ELISA Kit; Funakoshi). 

20 [0095] The binding rate (unit = %) was calculated by the following equation: 

[Binding ratio (%)] = {(Tc-T)/Tc} x 1 00 

25 wherein T is the found value (unit = ng/mL) of TGF^ in the group wherein the D2 fraction was administered, and Tc 
is the found value (unit = ng/mL) of TGF-p! in the group wherein the phosphate buffer containing 2% albumin was 
administered. 

[0096] The results are shown in Table 6. The binding of the D2 fraction and TGF-P! was observed in the group 
wherein the D2 fraction was administered. 

30 

Table 6 



No. 


Sample 


Binding rate % 


1 

2 


Administration of phosphate buffer containing 2% albumin (Controi) 
D2 fraction (1 mg/mL) 


0 
21 



(4) Active oxygenopturing activity of the adsorption fraction D2 

[0097] After 1 000 u.L of 3.0 mol/L hypoxanthine solution, 5 u± of 2 U/mL xanthine oxidase (Boehringer Mannheim) 
40 solution, 500 uL of 8 mg/mL D2 fraction, and 495 u.L of RPMI 1640 medium were charged into a test tube, 120 u.L of 
270 u.mol/L 2-methyl-6-phenyl-3,7-dihydroimidazo-[1 ,2-a]pyrazine-3-on (CLA-phenyl; Tokyo Kasei) solution was fur- 
ther added. Further, the test tube containing the mixture was set into a chemiluminescence meter (Aioka) wherein the 
temperature of a reaction chamber was maintained at 37 °C. The reaction was performed for 30 minutes, and an 
amount of generated chemiluminescence was measured with time. 
45 [0098] The capturing activity (unit = %) was calculated by the following equation: 

[Capturing activity (%)] = {(Cc-C)/Cc) x 1 00 

so wherein C is an amount of chemiluminescence in the group wherein the D2 fraction was administered, and Cc is an 
amount of chemiluminescence in the group (control group) wherein a phosphate buffer was administered. The results 
are shown in Table 7. As apparent from Table 7, the D2 fraction exhibited the active oxygen-capturing activity. 



Table 7 



No. 


Sample 


Capturing activity % 


1 
2 


Phosphate buffer (pH 7.2) 
D2 fraction (1 mg/mL) 


0 

96 
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(5) Anti-tumor activity of the adsorption fraction D2 

[0099] A Swiss albino 3T3 strain subcultured in 50 mL-flasks for ceil culture (3014; Becton-Dickinson) in the Bio- 
medical Research Laboratories, Kureha Chemical Industry Co. Ltd., and an SV40-transformed 3T3 cell strain [pur- 

5 chased from the Laboratory Products Department of Datnippon Pharmaceutical Co., Ltd., Osaka] were treated with 
0.125% trypsin solution for several minutes, and released from the wall of each flask. After washing, cells were sus- 
pended in DM EM (Dulbecco's Modification of Eagle's Medium) containing a 10% bovine fetal serum which had been 
heated at 56 °C for 30 minutes, and adjusted to 2 x 1 0 3 cells/mL. Into each well of a 96-well flat bottom microtestplate 
for cell culture (3072; Becton Dickinson), 0.1 mL of the cell suspension was poured. 

10 . [0100] After incubation in a 5% C0 2 incubator at 37 °C for 24 hours, a predetermined amount of the adsorption 
fraction D2 prepared in Example 2 or 0.1 mL of the medium was added and further incubated for 24 hours. Before 6 
hours of completing the cultivation, 1 nCi/well of 3 H-thymidine (Amersham International pic) was added. After the cul- 
tivation was completed, cells were harvested on a filter paper, thoroughly washed with 5% trichloroacetic acid, and 
dried. Then, a radioactivity taken up to the cells was measured by a liquid scintillation counter. A 50% lethal dose (LD^) 

is of the adsorption fraction D2 was about 50 n,g/mL in the SV40-transformed 3T3 cell strain, and about 40 u.g/mL in the 
Swiss albino 3T3 strain. The results of the LD^ measured according to a MTT method were similar to the above results 
by the 3 H-thymidine method. 

Example 3: Preparation of an alkaline solution extract of Trlcholoma matsutake and an adsorption fraction thereof by 
20 an anion exchange resin 

[0101] The broth of mycelia of Tricholoma matsutake CM627-1 strain was treated in a homogenizer. The broth was 
prepared in the similar manner as described in Example 2. A sodium hydroxide solution was added to the whole so 
that the concentration of the whole became 0.1 mol/L. Extraction was performed at 22 °C for 1 hour while stirring. After 

25 extraction, the whole was centrif uged (1 2,000 rpm, 20 minutes, 4 °C) to obtain a supernatant. 

[0102] To the remaining pellets, a 0.3 mol/L sodium hydroxide solution was added. The same procedures as above 
were performed to obtain a supernatant. Further, a 0.5 mol/L sodium hydroxide solution was added to the pellets, and 
the same procedures as above were performed to obtain a supernatant. All of the supernatants were combined, and 
the pH of the supernatant was adjusted to 7.0 by adding 1 mol/L HCI thereto. The whole was put into a dialysis mem- 

30 brane (Spetra/Por 3 membrane, fractioning molecular weight = 3500), and dialyzed in flowing tap water for 3 days. 
The inner part of dialyzate was concentrated by a rotary evaporator and lyophilized to obtain 4.3 g of powder (hereinafter 
referred to as a fraction A). 

[0103] The powder (the fraction A) was dissolved in a 50 mmol/L tris-HCI buffer (pH 7.0), and the solution was applied 
to a diethylaminoethyl (DEAE)-cellulose column (diameter = 2 cm, height = 20 cm) which had been equilibrated with 

35 the buffer. The column was eluted by 1 00 mL of the buffer to obtain a non-adsorption fraction A1 (hereinafter sometimes 
referred to as an "A1 fraction"). Then, 200 mL of a solution prepared by adding 1 mol/L sodium chloride into the buffer 
was applied to the column to elute adsorbed substances and obtain an adsorption fraction A2 (hereinafter sometimes 
referred to as an "A2 fraction"). The resulting non-adsorption fraction and adsorption fraction were put into dialysis 
membranes (Spetra/Por 3 membrane, fractioning molecular weight = 3500), and dialyzed in purified water for 3 days, 

40 respectively. The inner parts of dialyzate were concentrated by a rotary evaporator and lyophilized to obtain the non- 
adsorption fraction A1 powder and the adsorption fraction A2 powder. 

Example for evaluation of biological activities of the fraction A 

45 [0104] The activity for enhancing a proliferation of T cells was evaluated in the similar manner as described in "Ex- 
amination for biological activities of a hot water extracts of mushrooms" (2). The activity in the group wherein the fraction 
A was administered (dose = 250 mg/kg) was 130% (% on the basis of the value of the control group) in the mixed 
lymphocyte tumor cell reaction, and 131% (% on the basis of the value of the control group) in the lymphocyte tumor 
cell mixed culture-Induced cytotoxicity. 

50 [0105] Further, the cytokine inducing activity was evaluated in a similar manner as that described in "Example for 
evaluation of biological activities of the adsorption fraction D2" (2). The total amount of interleukin 12 in the control 
group was less than a detectable limit, but the total amount of interleukin 12 in the group wherein the fraction A was 
administered was 69 pg/mL. 

[0106] Furthermore, the TGF-p binding activity was evaluated in a similar manner as that described in "Example for 
55 evaluation of biological activities of the adsorption fraction D2" (3). The binding activity of the fraction A was 26%. 
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INDUSTRIAL APPLICABILITY 

[0107] According to the immuno-enhancing composition of the present invention, an immune activity can be en- 
hanced. 

5 [0108] As above, the present invention is explained with reference to particular embodiments, but modifications and 
improvements obvious to those skilled in the art are included in the scope of the present invention. 



Claims 

10 . 

1 . An adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 
. . matsutake by an anion exchange resin. 

2. An immuno-enhancing composition comprising a hot water extract of Tricholoma matsutake or an alkaline solution 
15 ' extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or an 

alkaline solution extract of Tricholoma matsutake by an anion exchange resin, and a pharmaceutical^ acceptable 
carrier. 

3. An immuno-enhancing functional food comprising a hot water extract of Tricholoma matsutake or an alkaline so- 
20 lution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake or 

an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, alone or optionally with one or 
more food components. 



4. A method for an immuno-enhancement, comprising administering to a subject in need thereof a hot water extract 
25 of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot 

water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutakeby an anion exchange 
resin, in an amount effective therefor. 

5. Use of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an 
30 adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 

matsutake by an anion exchange resin, in the manufacture of an immuno-enhancing composition or functional food. 

6. A composition for inducing a killer activity, comprising a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake 

35 or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, and a pharmaceutically ac- 
ceptable carrier. 

7. A functional food for inducing a killer activity, comprising a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake 

40 or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, alone or optionally with one 

or more food components. 

8. A method for inducing a killer activity, comprising administering to a subject in need thereof a hot water extract of 
Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot 

45 water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake by an anion exchange 

resin, in an amount effective therefor. 

9. Use of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an 
adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 

so matsutake by an anion exchange resin, in the manufacture of a composition or functional food for inducing a killer 

activity. 



10. A composition for inhibiting a tumor proliferation, comprising a hot water extract of Tricholoma matsutake or an 
alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma 

55 matsutake or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, and a pharmaceu- 

tically acceptable carrier. 

1 1 . A functional food for inhibiting a tumor proliferation, comprising a hot water extract of Tricholoma matsutake or an 
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alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma 
matsutake or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, alone or optionally 
with one or more food components. 

5 12. A method for inhibiting a tumor proliferation, comprising administering to a subject in need thereof a hot water 
extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an adsorption fraction 
of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake by an anion 
exchange resin, in an amount effective therefor. 

10 13. Use of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an 
adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 
matsutakeby an anion exchange resin, in the manufacture of a composition or functional food for inhibiting a tumor 
proliferation. 

15 1 4. A composition for inducing an interleukin 1 2, comprising a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake 
or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, and a pharmaceutically ac- 
ceptable carrier. 

20 15. A functional food for inducing an interleukin 12, comprising a hot water extract of Tricholoma matsutake or an 
alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma 
matsutake or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, alone or optionally 
with one or more food components. 

25 16. A method for inducing an interleukin 1 2, comprising administering to a subject in need thereof, a hot water extract 
of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot 
water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutakeby an anion exchange 
resin, in an amount effective therefor. 

30 17. Use of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an 
adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 
matsutake by an anion exchange resin, in the manufacture of a composition or functional food for inducing an 
interleukin 12. 

35 1 8. A composition for inhibiting a TGF-p activity, comprising a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake 
or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, and a pharmaceutically ac- 
ceptable carrier. 

40 19. A functional food for inhibiting a TGF-p activity, comprising a hot water extract of Tricholoma matsutake or an 
alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma 
matsutake or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, alone or optionally 
with one or more food components. 

45 20. A method for inhibiting a TGF-p activity, comprising administering to a subject in need thereof a hot water extract 
of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an adsorption fraction of a hot 
water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake by an anion exchange 
resin, in an amount effective therefor. 

so 21 . Use of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma matsutake, or an 
adsorption fraction of a hot water extract of Tricholoma matsutake or an alkaline solution extract of Tricholoma 
matsutake by an anion exchange resin, in the manufacture of a composition or functional food for inhibiting a TGF- 
P activity. 

55 22. A composition for capturing an active oxygen, comprising a hot water extract of Tricholoma matsutake or an alkaline 
solution extract of Tricholoma matsutake, or an adsorption fraction of a hot water extract of Tricholoma matsutake 
or an alkaline solution extract of Tricholoma matsutake by an anion exchange resin, and a pharmaceutically ac- 
ceptable carrier. 
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23. A functional food for capturing an active oxygen, comprising a hot water extract of Trichoioma matsutake or an 
alkaline solution extract of Trichoioma matsutake, or an adsorption fraction of a hot water extract of Trichoioma 
matsutake or an alkaline solution extract of Trichoioma matsutake by an anion exchange resin, alone or optionally 
with one or more food components. 

24. A method for capturing an active oxygen, comprising administering to a subject in need thereof a hot water extract 
of Trichoioma matsutake or an alkaline solution extract of Trichoioma matsutake, or an adsorption fraction of a hot 
water extract of Trichoioma matsutake or an alkaline solution extract of Trichoioma matsutakeby an anion exchange 
resin, in an amount effective therefor. 

25. Use of a hot water extract of Trichoioma matsutake or an alkaline solution extract of Trichoioma matsutake, or an 
adsorption fraction of a hot water extract of Trichoioma matsutake or an alkaline solution extract of Trichoioma 
matsutake by an anion exchange resin, in the manufacture of a composition or functional food for capturing an 
active oxygen. 
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